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METHOD AND DEVICE FOft 
APPLICATION OF A 



MOVING MOLECULES BY THE 
PLURALITY OF ELECTRICAL FIELDS 



CROSS REFERENCE TO RELATEE 

This application is a continuation 
Oct 13, 1998 now U-S- Pal. Ko. 6,306 
application Ser, No. 08/974,372, filed 
6,093,296, which is a continuation 
filed Mar. 1 3, 1996, now U.S Pat. No. 
of U.S. application Ser, No. 08/430, 
which is a continuation of U.S. applic^ti( 
1994, now abandoned, which i$ a 
07/880,187, filed May 7, 1992, now 
application Ser. No. 07/487,021, filed 



.ofU 



.134 



the 



FIELD OF THE INVENTION 

This invention relates generally to 
photolithography which is applied in a 
innovations in the fields of biochemist y 
electronics. More specifically, the invention 
charged molecules or particles in a mepiuni 
application of a plurality of electrical 
method, where the supporting substrati ^ 
polymeric substrate and the device allqws 
and lateral trenches. 



Pat 



APPLICATIONS 
J.S. application Ser. No 
^212y which is a continuaticjn 
^ov. 19, 1997 now U.S. 

S. patent application Ser 
5,750,015, which is a 
, filed Apr. 26, 1995, now 
on Ser. No. 08/196,763, 
continuation of U,S. application 
abandoned, which is a 
cb. 28, 1990, now U.S 



Pat 



fields of electrophoresis 
manner so as to integrate technological 
; polymer science, molccilar 
relates to a method o; 
by the simuhaneous 
itelds and devices for 
is a substantially uncharged 
for movement along a c 



cr 



carrying 



p. 2 



(19/172,187, filed 
ofUS. 
. No, 

No. 08/615,642, 
continuation-in-pait 
abandoned, 
Feb. 14, 
Ser, No. 
contimiation of U.S. 

No. 5,126,022 



fled: 



md 



genetics and 
moving 
sequential 
out that 
organic 
entral trench 
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BACKGROUND OF THE INVENTK )N 

Electrophoresis is an analytical tech lique to separate and identilTy charged 
particles, ions, or molecules. It involve s the imposition of an electric field to move 
charged species in a liquid medium. T lc most often studied specie is are bio- 
macromolecules^ such as proteins and pNA fragments, which are usually 
polyelectrolytes. However, electrophoi esis can be used to scpamtci any charged 
materials including various cells, bact^ ria and viral materials. At s fixed pH and 



ionic strength, a given polyelectrolyte 



acquires a certain number of net charges 



Such particles are surrounded by coun' cr-ions and have various charges, sizes 
(volume and shape) which affect movt ment. Molecules are separs ted by their 



different mobilities under an applied e 



from the different charge and fnctiona resistance characteristics of the molecules 



The more charged and streamlined the 



molecules, the faster their movement. 



ectric field. The mobility variation derives 



When a mixture containing several molecular species is introduced into an 
electrophoretic separation medium anc an electric field is applied, the different 
charged components migrate at varioui \ speeds in the system leadi ig to the 
resolution of the mixture. Bands appea depending on the mobilit ies of the 
components. The exact location (thus t Imc of emergence of the co nponents at the 
end of the medium opposite to the poii it of introduction) depends >n the 
interaction of the polyelectrolytes with the surrounding medium, \ ia the influence 
of pH., ionic strengtli, ion type and wh€ ther the rnediuni is a buffeicd solution of 
ions, polymeric solution, or gel such a cross-linked gel. Cross-lined gels and 
polymeric solutions can effect separati m by size or sieving. Henc j, 
electrophoresis can be classified into two basic types including (1] free solution 
and (2) gel electrophoresis. The most frequently used gel media aie based on 
polyacrylanriide (known as PAGE) and agarose gels. 

The combination of free solution and gel electrophoretic separation 
experiments gives a plethora of inform ition, such as the number and relative 
amounts of the components in a mixtuj e. When the components aie specifically 
identified, e.g., by antigen-antibody binding, unequivocal identification of the 
presence of the given component is aff >rded. As a consequence, c cctrophoresis 
has become the cornerstone of macron olecular analysis in biotechnology. 



p. 3 
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fluid i 



Traditional ectrophorctic medi; 
of mm. A recent development in the 
performance capillary electrophoresis, 
separation media are made of hollow 
microns. Tliis separation confi 
media in the hollow fiber. The Joule 
small size of the capillary. As a result. 
However, such high performance 
voltage DC power supply (e.g., up to 
addition, gel-flUed capillaries are not 
make. The parallel idea in slab gel 
gel formation involves sufficient 
stressed than the center. Hence, if the £ 
edge and a center tracks it will exhibit 
problem in slab gel electrophoresis! 
high voltage power supplies are neede I 
best available) is not entirely satisfactc|ry 

In both capillary and slab elcctroph 
passive. Although crossed field and 
electrophoresis) metliods have been 
cases, the entire separation media, jfree 
field at a given time. The field may c 
design. Accordingly, the entire sample 
under the same field at any given lime 

There is also an interest in being 
efficient manner without 
whereby particular reactant solutions 
can cany out reactions with small 



are large in dimension, being on the order 

of elcctrophoretic technology is high 
In accordance with this me hodology the 
with an inner diametci of 25 to 100 
figuration! allows a high cunent to pass through the 
h( sating can be efficiently removed due to the 
sample analysis time is greatly reduced, 
electrophoresis still requires the i 



use of a high 
tins of kv) to accomplish separation. In 



cpmmercially available and 
involves the use of very 
I, making the edges of the slab more 
^ame sample is separated us ing both an 
iiffcrent resolved patterns 

again, as in c^illary elebtrophoresis, 
and the resulting resolution (although the 



. ma la 



; shrih cage. 



H< re 



abls 



SUMMARY 
The present invention relates tc 
molecules within a medium in respons 
applied simultaneously and/or sequent 



P-4 



ire difficult to 
thin slabs. Here, 



(2D 



qresis, the field applied is fi^ed, thus 
field electrophoresis 
dejscribed, their application is 
solution or gel, are imder 

temporally, but not 
of charged particles to be 



h; tngcl 



the 



spad 



limited. In all 

same applied 
ially by 
sjeparated are 



to move small volumes ir 
electroendooimotic mixing. By having a 
be moved by 
voliimes and within a small spape 



a r£^id and 
system 
electrokin^ic forces, one 



THE INVENTION | 
moving charged particles luch as charged 
I to a plurality of electrical fields which are 
ally along the medium containing the 



O 
Q 
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\ photolid ography, 



I move nent 



charged molecules in order to move thp 
controlled fashion. The movement 
controlled both spatially and temporalis, 
moved $0 as to sq^arate particular typ^ 
another and thus provide a highly 
charged molecules can be moved 
regions in order to react particular typds 
sequencing protocol employing lateral 
movement in the lateral branches is 
electrokinetic movement. 

In accordance with one aspect 
particles moving device such as an ele 
variety of procedures such as 
technologies, or vapor deposition whi4h 
circuitry. Li accordance with this deviAe 
which includes a medium in which the 
molecules are to be moved. The 
continuously subjected to a plurality o 
sequential manner. The electrical fields 
so as to move charged molecules in a 
the movement area. Accordingly, 
molecules can be separated away fron 
technique. 

As a device for conducting reaction 
different fields connected to the 
specific types of charged molecules i 
molecules in order to react the molecuHes 
reaction protocols. The electrical 
preferably in the form of intelligent in 
computer system capable of activating 
create precise types of separation 
molecules for reaction. 

A primary object of the present 
capable of moving charged particles 



charged molecules in a precise and 
B electrical fields can be accurately 
, Charged particles in the medium can be 
of charged particles away irom one 
defiiled analytical technique. Further, specific 
towards each other into precisely deftned 

of molecules together in a synthesis or 
branches to a central trend i, where 
cojitrolled by electrodes to provide for 



i m:o 



P*5 



)f the invention, there is provided a charged 
ttrophoresis device produced by any of a 
silk-screening» laser, 
results in a patterning of slectrical 
, there is provided a "mo\^ement area" 
charged particles, such as charged 

area is positioned so t lat it can be 
!^ electrical fields in a simultaneous or 
effecting the movement area are activated 
(controlled manner through mc medium in 
of different types of cl^arged 
each other in order to provjide an analytical 



, mix! urcs 



J (e.g., sequencing synthesi^ methods), the 
moveinent area can be applied sol as to move 
contact with other types bf charged 
and carry out any number of different 
connlections contacting the movement area are 
egrated circuitry which is ihteracttve whh a 
the fields in any given manner so as to 
of miolecules for analysis or combinations of 

i 
I 

invention is to provide a devic^ which is 
tl rough a medium in a precise controlled 
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of different electrical fields, whidh fields are 



P*6 



fashion in response to a plurality 
preferably generating forces which vaiV 

A feature of the present invention is 
are applied to a medium in order to mqve 
precise manner. 

Yet another advantage of the presen 
can be efficiently and economically pr iduced. 

Yet another advantage of the presen 
elimination of electroendosmosis by 
as polymethylmethacrylate. 

Another feature of the devices of th( ! 
areas which have a cross-sectional 
regions which regions allow for the 
which can be used in connection with 

Yet another feature of the invention is 
areas in which it is possible to move 
charged particles in order to carry out 

Yet another advantage of the presen i 
substrate materials or components whi 
separated or combined which materiali; 
sajDple materials being separated 

These and other objects, advantages 
become apparent to those persons ski 
structure of the devices and methods o 
reference being made to the accompan|ying 



in time and space simultaneously, 
that a plurality of different jelectrical fields 
molecules within the m(|dium in a 

invention is that devices ok the invention 

invention is the minimization or 

,1 

tY e utilization of polymeric substrates, such 



. sha )e 



ef icicnt i 



lied 



BRIEF DESCRIPTION 
FIG. 1 is a plan fix>nt schematic viey 
inventioTL 

FIG. 2 is a plan schematic view 
providing a central trench and lateral 
independently controlling the electrica 



present invention is the usie of movement 

i 

which includes flattcncdior slab-like 
accurate use of spectrometer devices 
he invention, 
the inclusion of branched movement 
tc gether and separate firom each other 

< complex reaction and/or seifarate schemes. 

I 

invention is the use of inert polymeric 
h might contact charged pkticles to be 

minimize protein absorption and loss of 

I 

r combined. 

and features of the present jinvention will 

in the art upon reading the details of the 

I 

operation as more fiiUy sejt forth below, 
drawings forming a part hereof. 



OF THE DRAWINGS j 
of a particular cmbodimeiit of the 



of a| second embodiment of thciinvention, 
blranches with individual electrodes 
fields in the trench and branches. 



CD 
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ot ily 1 



I tog 3th( 



DETAILED 

Before the present device and methc d 
medium are described, it is to be 
the particular component parts of the 
methods described as such devices anc 
be understood that the tenninology 
particular embodiments only, and is 
the present invention will be limited 

It must be noted that as used in this 
singular forms "a", "an" and "the" i 
clearly dictates otherwise. Thus, for 
one or more different media mixed 
as different types of media known to 
electrical field" includes a pluraUty 
described) which maybe applied in a 
the effects of the type described herein > 
includes any number of such steps 
herein and so forth. 

Referring now to the drawings, in F 
analytical device useful in carrying oul 
schematically. The device is on a Card 
different types of materials such as 
to as plastics. Further, the Card 1 may 
convenience, the card could be produced 

The Card I includes a hoUowed-out 
any size but for convenience might 
Card 1 so that the Trench 2 is about 1- 
about S-200, usually S-ISO, particular] 
(not shown) of the Trench 2 may vary 
othenvise. It is preferably a flattened 
optical properties. 

The Trench 2 is filled with a medium 
polympric solution, surfactant micellul 



DESCRIPTION OF THE INVENTION 

for moving charged particles within a 



undeibtood that this invention is not limited to 

I 

devices described or process steps of the 
methods may, of course, vary. It is also to 
herein is for purposes of (^escribing 
intended to be limiting since the scope of 
by the appended claims. 
: specification and tlie appended claims, the 
include plural referents miless tjie context 
exjample, reference to "a medi um" includes 
.er or separated from each other as well 
tHose skilled in the art, reference to "an 
of jiifferent electrical fields (o 
r umber of different ways in i 



and reference to "the process step" 



whi :h will be equivalent to the 



the type 
order to obtain 



steps described 



G. 1 , a specific embodimciit of an 

methods of the present invlsntion is shown 

I 

I which may be comprisedj of a numbtjr of 
var ous polyiticric materials generally referred 

^e in a variety of different sjizes. For 

j 

in the size of a conventicjnal credit card, 
area or Trench 2 which, again, may be of 
pre >^rably be produced on the credit card size 
0 centimeters in length and has a depth of 
5-25 microns. The cross-^tional shape 
^md be rectangular, oval, ciiicular or 
oyal with the flat surface prodding desired 



3 which may be a buffer solution, 
ir dispersion or gel of the tjjpe generally 



2 
O 
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used in connection with analytical 
polyacrylamide gel used in PAGE ana 
connection with the present invention, 
or in combination with other materials 
resistance to the charged particles and 
electrical fields. 

The Card 1 has plated thereon a 
4-10. Only 7 electrodes are shown on 
However, photoelectroplating 
different electrodes along the length o 
2. The electrodes can be spaced apart 
connection with this embodiment of tl^e 
electrodes and they are preferably plac 
microns apart. Some preferred 
fields, 50-100 electrical fields, and 500 
electrodes creating these fields may be 
0.01 to 10 centimeters, but are more 
microns apart from each other. 

The electrodes 4-10 arc either simu 
different voltages to each of the 
application of different voltages whict 
the spacing of the electrodes 4-10 is 
field strength between the electrodes 

This is a substantial advantage of th^ 
which utilize only one electrical field 
dimension) and thus require the 

The electrodes 4-1 0 are biased 
the magnitude of the field applied 
electrodes is adjustable over any giver 
ability to activate the electrodes in 
across any given electrode gives rise 
molecules moving within the medium [from 



sepiration techniques. For exaijiple, 

ytical procedures is extremjely useful in 
A variety of materials mayjbe used alone 
which materials should prcjvide fiictional 

not substantially interfere 4ith the 

I 

plurality of electroplated finger-like electrodes 

ihe Card 1 for purposes of ^mplicity, 

I 

technology could be utilized to provide hundreds of 
even a relatively small (l-jlO cm) Trench 

i 

1 rom each other at any giveA interval, hi 

invention* there are preferably 400 to 800 
ed at regular intervals approximately 1-100 
embodiments of the device includci 5-25 electrical 
to over 1000 electrical fields. The 

i 

placed apart firom one another at a distance 
pieferably placed at a range <Jf about 1-100 



taneously biased by the appUcation of 
4-10 or sequentially bijased by the 
are biased in a programmejd manner. Since 
, it is possible to attain ijelatively high 
while applying relatively low voltages, 
present invention over prijor art methods 
^ver the entire medium (having a large 

of substantially large yoltages* 
or fired simultaneously or sequentially and 
any given electrode or all of the 

range at any given instant in time. The 

i 

fashion and apply dijtferent voltages 
a greatly improved abiliiyiio separate 
each other in an extremely precise 



electrodes 



sriall 



e/en 



application 



. acrcss 



any given : 



to 



< 



2: 
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fasliion, thus obUiining analytical resolution of different types of diolecules to a 
degree far beyond that of conventional techniques. 

The Card 1 as well as the Trench 2 s nd electrode connections 4-10 can be 



readily and economically produced by 



standard microelectronic fabrication 



techniques. Accordingly, multiple cop] es of nearly identical cards 



reproduced with a high degree of accuj acy. The fidelity and econdmy of 



production are important features of th 
is preferably a rigid polymeric materia 



can be readily 



3 invention. Since the substrate of the card 

5 particularly synthetic org?inic polymers or 

j 

plastics, addition or condensation poly ners, such as polymethylmethacrylate, 
polycarbonate, polyethylene terepthala [e, polystyrene or styrene copolymers, the 
card itself does not have a surface charge. Accordingly, there is ncj (or negligible) 
surface charge in the Trench 2, and therefore the problem of electijoendosmosis is 
alleviated. Electroendosmosis is a substantial problem in connection with high 
performance capillary electrophoresis lE^hniques which utilize gla$$ capillaries 

polymer in order to suppress the 

i 

electroendosmosis. The polymer mater al can be made substantialljy non-porous. 
Accordingly, tlie charged particles sucl i as proteins are not absorbed and loss of 
sample during separation is minimal. 

The solid synthetic organic polymers which find use can be readily formed into 
a variety of forms, one form being the c ard, but other forms may ipclude slabs 

i 

with trenches or channels^ tubes, rods, j htsets, capillaries, or the lilce. These 
polymers readily lend themselves to fabrication and modification, being capable 
of being molded with the appropriate tranches or having the trenches formed in 
the preformed substrate or the products may be extruded, for examjple, capillaries 
for capillary electrophoresis. Of particular interest are the acrylate^, which have 
good clarity. 

It is important to note that the gel-fillled channel 2 on the Card 1 does not have 
to contain cross-linked gels tethered to i he wall. This greatly relieves the stress 
formed during polymerization and crosi -linking. The gels need notjbe tethered to 
the wall because only a small fi-action oFthe gel 3 in the Trench 2 is under applied 
electrical field at any given time. Since jnly a small portion of the gel 3 in the 
Trench 2 is subjected to the field at a giyen moment the field does iot extrude the 
gel 3 out of the Trench 2 in any fashion 



o 
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The Card 1 having the Trench 2 and electrode coiinectionS|4-10 thereon can 
be produced by a variety of different techniques Iknown to those sljiilled in the art. In 
general, one method for producing sue i a device is as follows employing 



photoHthogrg^jhy as employed with the 



production of microelectronic computer 



card 



chips. First, a substrate support such as a polymethylmethacrylate i 
approximately the size of a conventional credit card is provided. Ijhe surface of the 
card itself is not electrically conductinj; nor is the card. On the card is first 
deposited a thin layer of an electrically conducting material. The doating may be 
applied by a variety of different techniiiues known to those skilled in the art and 
may be comprised of a variety of diffei ent types of materials provjded they are 
capable of conducting electricity. The 1 ayer is preferably extremely thin on the 
order of 100 angstroms to a few microi is of thickness. The electricjally conducting 
layer is then coated with a layer of mat ;rial which is both light-sensitive and non- 
conducting. Once the light-sensitive, n<»n-conducting layer completely covers the 
electrically conducting layer, a mask is applied to the surface of thb light-sensitive, 
non-conducting layer. After the mask cavers the layer, it is exposejd to light 

resulting in a pattem of portions of the light-sensitive material beitjig solvent soluble 

I 

and portions being solvent msoluble. T le soluble portions are washed away and the 

exposed electrically conducting material etched away leaving traces of wires and 

connectors to the wires under the insoluble portion of the light sensitive material. 

The underlying electrically conducting material will provide the pl[irality of 

electrode connections to the Trench 2. By removing a portion of tfalc insoluble 

material from the ends or connectors of the electrically conducting! traces remaining 

from the electrically conducting layer, < ilectrical connection can beimade with the 

electrode connectors to the Trench 2, In addition the electrode traces are protected 

from wear and abrasion by the protecti\ e coating. 

As will be jqjparent to those skilled in the art, the mask utilized in the above 

production procedure can be produced i o as to provide hundreds of different 

electrode connections to the Trench 2. Further, rather than utilixing the 

photolithographic technique generally described above, it is possible to utilize other 

techniques such as employing various t]pes of laser technologies and/or other 

technologies such as silk-screening and vapor deposition which make it possible to 

provide extremely small (in size) and la -ge numbers of electrodes t6 the Trench 2. 

9 
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; prefers ibly 



synihi 



of the 



\ ends 



of material 



vaiabiei 



; manners; 



ITie greater the number of electrodes, 
to each electrode and the more 
charged particles within the trench. 

Once the card having the electrodes 
filled with a medium 3 which is 
material or a buffered solution with or 
combination with a surfactant. In ordet 
movement of charged particles for s 
supplied, at reservoirs at the termini 
can be provided for connecting the 
reservoirs for allowing for the flow of 
the gel has been added, a sample 
medium and time-dependent and/or 
applied to the electrodes. Although it i$ 
electrodes in a variety of different 
voltage so that electrical fields arc 
single direction so as to provide a 
direction along the trench. This wave 
speeds depending upon the particular 
wave or waves move, charged particleji 
the Trench 2, Charged particles which 
drawn through the medium by moving 
of the trench. However, particles which 
can only be moved by waves which 

Although the above-described 
method of carrying out the separation 
separation and resolution capabilities 
example, all of the electrodes position^ 
simultaneously but have different vol 
position of any given electrode. The 
also be changed continuously over tim^ 
affects on the charged particles within 



t le less voltage which needs 



accuraUly it is possible to control the motion of the 



p. 1 1 



to be supplied 



sequentially j 



.traveling 



cr 



hereon isiproduced, the Trench 2 may be 

in the form of a polyacrylamide gel 
ivithout a synthetic polyme]'; alone or in 
to carry out the electrophoresis or 
esis or sequencing, a buffer will be 

i 

trenches and lateral branches or means 
of the trenches and lateral branches to 
iquid during operation of the device. After 

is then placed at one end of the 

I 

position-dependent voltages are 
possible to supply the volljage to the 
it is most preferable t<^ supply the 

i 

activated one afterj another in a 

I 

electrical wave which moves in a single 
waves can be made to move at a variety of 
t^es of molecules being separated. As the 

i 

will be d^awn through the|medium within 
tend to move more quickly iwill, of course, bt5 
waves which move quickly along the length 
tend to move slowly throiigh the medium 3 

V : 

move generally slowly throu^ the medium 3. 
(raveling electrical waves a^je the preferred 
processing of the invcntion,| similar 
be obtained in another npanner. For 
along the Trench 2 may be biased 
depending on the electrode spacing and 
supplied to any given electrode may 
so as to create different wbve-like force 
the medium and move the particles through 
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the medium at different rates based or factors such as the size, shjape and charge of 
the particles being moved through the medium. 

The embodiment described abc ve can be modified in a variety of different 
fashions. For example, it is possible for the electrodes to have opposmg ends on 
either side of the Trench 2. If the devic e is constructed in this fashion^ charged 
particles will be moved through the ra< dium 3 in a zig-zag fashior 



as the different 



electrodes are activated. 

In order to avoid the zig-zag movem ent of the charged particlesj through the 
medium 3, a variety of other embodim tuts are possible. For example, two cards can 
be produced wherein one card is substintially the mirror image ofjthe other. The 
two cards are placed in facing abutment to each other so that the Tjrench 2 forms an 
enclosed column. In accordance with ti lis embodiment, the electrojdc lines do not 
end at the edge of the Trench 2, but rat ler continue across the trenjch on both the top 
and the bottom. Thus, electrical potenti al wilt permeate around the column formed 
at a plurality of different spaced intervi ils along the column. By seiiuentially 
activating the electrodes, an electrical field wave is caused to mov^ from one end of 
the column to the other. This creates ar effect which draws chargeii particles 
tlirough the medium within the column. Again, faster molecules arte driven through 

i 

the medium by moving waves which ni ove quickly along the colu<nn and slower 
molecules will be moved through the n edium by waves which mo^e more slowly. 
By providing a plurality of different speeds of moving waves, it is [possible to 
precisely resolve different bands or groips of charged particles within the medium.. 

Alternatively, the electrodes on the device may be fired simultaneously in 
accordance with a predetermined scheme which will create a compjlcx voltage 
profile across the entire length of the cclumn. The voUage profile will create forces 
on the charged particles within the colu cnn and can be changed over time in order to 
obtain precise resolution of different sp xies or groups of charged particles within a 
sample being resolved. 

Regardless of the embodiment of the invention which is constructed, it is 

i 

preferable for the electrodes to be count cted to an electronic computer which 
computer has programmed software de( icated to providing the moving waves or 
voltage profile along the Trench 2. Van ous different types of softwiare can be 



U 



CD 



o 



PAGE12/16'RCVDAT6/7/20058:36:52PM [Eastern DaylightM^ 



Jun 07 05 02:26p 



Parflllele Bioscience, Inc 650-228-7418 



: possible 



embodiment < 



electrodes 
ultraviolet 



Jit 



Ltho 



provided so as to obtain the best 
various types of charged particles from 

In yet a more sophisticated 
software which is connected to the 
optical detection device such as an 
spectrometer can be focused singly or 
Trench 2. As tlie ultraviolet spectroraetbr 
moved to different portions of the medium 
computer which can adjust the speed of the 
being generated in order to more precisely 
particles being moved through the medium 

It will apparent to those skilled in 
More specifically, the Trench 2 can 
branches thereon. Each of the 
can be filled with a buffer solution, 
be supplied with a particular charged 
materials can then be moved into contalct 
electrical wave generated by the completer, 
programs can be set up in order to 
a variety of different types of rnolccide 
reacted to form DNA and different 
These reactions can be carried out at 
conventional mechanical technologies, 
vastly improved due to the precision w: 

In addition to carrying out synthesis 
possible to carry out DNA or protein 
these procedures, individual amino 
DNA molecules can be successively 
amino acid or nucleotide is cleaved^ it 
device and identified such as by utilizi4g 
sequencing methodology obviates the 



acKS 
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resolution with respect to separating 
one another. | 

of the invention, tljie computer 
can be made interactive with an 
or fluorescence spectrometer. The 
various points along the medium 3 in the 
reads different types of particles being 
3, the information can be sent to the 
waves or voltage distribution profiles 
fine-tune the resolution of the charged 
3. 



e in any shape. 



art that the Trench 2 can be 
be Ifashioned so that it has a pljurality of 
branchcsl of the Trench 2, along witl^ the trench itself 
Thereafter, the base of each ofjthe branches can 
r^actant material. The charged reactant 
with one another by utilizing the moving 
. Accordingly, sophisticated computer 

provlide for synthesis or sequencing protocols of 

I 

5. For example, different niieleotides can be 
ami no acids can be reacted to form proteins, 
greatly increased speeds as compared with 
In addition to increased speeds, the yield is 
th which the reactants can be moved, 
reactions in a manner desci^bed above, it is 
s^uencing procedures. In cdnnection with 
on proteins or individual jnucleotides on 
cleaved from one end of the tholecule. As the 
be moved to a given loqation within the 
a spectrometer. The use of such a 



(an 



r eed for valves, reagents, bqttles, washing, 
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filtration and many of the tedious open tions which are mechanica 



necessary in connection with conventic nal sequencing methodologies 



electrodes capable of generating fields 



in nature and 



described above, 
For example, it 



In addition to the separation, synthes is and sequencing methods i 
the present invention is useful for a vai iety of additional purposes* 
is possible to utilize specific embodiments of the invention in order to separate 
impurities from large mixtures of comp ounds and thus carry out a purification 
processing which is substantially more refined than vacuum fractiinization 
processing. A mixture of components can be separated into a variejty of pure groups 
and moved along parallel tracks. Upon resolving the mixtures, thejdcsired 
components can be guided by the elect ical wave fields in lateral (directions at a 
given precise moment in time and caus 2d to react with a given nci jhboring reactant. 
Altematively, selected components may" be guided to trenches filled with antigen- 
antibodies reactive with given charged particles being moved in the medium or 
moved into contact with complementary components^ dyes, fluorescent tags, 
radiotags, enzyme-specific tags or other types of chemicals for any number of 
purposes such as various transfoimatio is which are either physical or chemical in 
nature. Further, bacterial or mammaliai 1 cells, or viruses may be sorted by 
complicated trench networks which nei works are in connection wilth a plurality of 



in a variety of different ways in order to 



move the cells or viruses through the fi&lds based on the size, charge or shape of the 
particular material being moved. SeparUed cells or viruses may be analyzed or 
modified subsequently. . 

The embodiment in FIG. 2 provides for mixing and separation df molecules, so 
that reactions may be carried out between different reactants, mixtures separated 
and components combined with other i laterials, assays carried out] by mixing a 
component of a sample with one or mo re assay reagents, and the 1 jke. In FIG. 2, 
Card 20 has a network which includes i i central hollo wed-out areaior trench 22 with 
lateral hollowed areas or trenches send ig as branches, with an upper branch 24, a 

middle branch 26 and a lower branch 2 1. The branches 24. 26 and;28 cross and 

I 
I 

interconnect with the central trench 22, forming reaction sites 30, ?2 and 34, 

respectively. The central trench 22 has entry port 36 and exit port 38 for 

introduction and removal of samples, mixtures, reactants and the lijke. Each of the 

branches have similar ports, the upper branch 24, having entry and exit ports, 40 

13 ! 
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accordance' 



reactant maybe] 



and 42, respectively, the middle bnoicli 
respectively, and the lower branch, 48 
communicate with reservoirs 37 and 
provided proximal to the ends of the 
sufficient capacity for performing the 
necessary ions for movement of the 
Alternatively, the reservoirs may be 
reservoirs to maintain the reservoirs at 

The Card 20 has plated thereon a 
60-64. The electrodes are biased in 
which the Card 20 is being used. Thus, 
move a sample from entry port 36 to 
adjacent the reaction site 30, a 
biasing electrodes 63 and 63\ the react^t 
mixing and reaction at reaction site 30 
incubate for sufficient time for reactior i 
electrical field or no field, one may 
reacted sample down the central trench 
may be permitted at each reaction site, 
separation of the reaction mixture may 
reaction mixture may be simultaneous!^ 
components may be removed from the 
has undergone separation between 
reaction site, the electrodes controlling 
bias which will move the component 
central trench 22. Finally, the reaction 
Where a detectable label has been 
determine the signal from the label, 
components of the reaction mixture 

In addition to the electrodes controlling 
and 28, electrodes 63 and 63^ are j 
along the central trench, which electrodes 



entry and exit ports 44 and 46, 
and 50, respectively. The ports 36 and 38 
respectively. Similarly, reservoirs could be 
branches, if desired. The reservoirs have 
necessary operations and providing the 
conponents of interest during the operation, 
cojnnected to pumps for pumping liquid into the 

a substantially constant composition. 
pli|rality of electroplated finger-like electrodes 
with the needs of the purpose for 
the electrodes 60 and 60' c^ be biased to 
reaction site 30. Once the sample is at or 

i 

introduced into en^ port 40 and by 
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moved to the reaction site 30 to permit 
By allowing the sample an|d reactant to 
to occur, either under an a|)propriate 
1 bias electrodes 60 and 60! to move the 
22. The process of movemjent and reaction 
where depending upon the jsystcm, 
result between reaction sitds or all of tlie 



irto 1 



moved to the next reaction site. If desired, 

i 

reaction mixture, where thd reaction mixture 
reacttion sites. When a component reaches a 
the branch may be activated to provide a 

the respective branch and out of the 
] nixture may be moved to terminal site 66. 
prov ided. as in an assay $equen({;e, one may 
Ahematively, one may withdraw the 

lhr|)ugh an appropriate port, n6t shown. 

i 

the central trench 22 and branches 24, 26 
i which provide for an electrical bias 
may be used as dcscribell above or 
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va^ 10US 



psirs 



for moving sample and reactants in 
individual electrodes, with different 
appropriately biasing electrodes 61' 
channel to the position where electrod^ 
plurality of electrodes along the centra 
control of movement of the componcn 
may be attained. 

WWle the present invention has beei|i 
embodiments, it should be understood 
changes may be made and equivalents 
the true spirit and scope of the inventicti 
made to adapt the methods and devices 
situations, materials, compositions 
objective, spirit and scope of the present 
intended to be within the scope of the 



described with reference to specific 
5y those skilled in the art that obvious 
may be substituted without departing from 
u In addition, many modifications may be 



of r latter. 



of the present invention to ] 

\ processes, process st sp or steps, to the 
invention. All such modifications are 
dlaims appended hereto. 
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directions by approprilately b 
irs of electrodes being usee 
63 one niay bring a reactant 
63 is placed. One may ] 
trench 22, as described abbve 
s present in the central trenlch 



lasmg 
. For example, by 
into the central 
le for a 
!, so that fine 
and branches 



particular 
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